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eventuality may result in errors in the reproduced data. 
For the foregoing reasons it has heretofore been neces- 
sary to maintain a quite high quality in the rnagnetic 
recordings, which has resulted in a high rejection rate 
in the manufacture of the recording discs, and other 
disadvantages. An object of the present invention is to 
provide a simple and effective solution of the foregoing 
problems and difficulties. 

According to this invention, signals supplied by the 



This invention relates to the reproduction of signals According to this invention, signals supplied by the 

that have been recorded on magnetic discs and the like. 10 reproducing head or transaucer are received and trans- 
One tvpo of data-storage apnaratus used in accounting mitted by a variable-gain amplifier,^ and automatic means 

and computing machines, for example, utilizes as a stor- are provided for increasing tne gam of said amplifier in 

-e medium a plurality of rotative magnetic-recording proportion to movement of the transducer radially m- 

dts- on each of which signals may be recorded in a ward with respect to sa^d record, and decreasing the 

Nuralib/' of concentric, circular, recording tracks of dif- 15 amplifier gam in proportion to outwmd movements of 

thft fraTJsHnnftr tr> the recnrd. Thus, the amDlifier 



ic circular recording tracks of dif- 15 amplifier gain in proportion to outward movements of 
^ J.T-- thA rAlfstivA to the rer.orft Thus, the amulifier 



ferent'radii ^ In operation, a motor rotates the magnetic- tlie transducer relative to the record TOus the amplifier 

recording discs or records, at a fixed angular velocity, has maximum gam when the reproducing head is aimed 

w^reby°the several recording tracks on each record with the relatively slow-movmg innermost recording track, 

move at linear velocities proportional to their respective and has mmmnm gam when the_ reproducing heaa is 

radfi Thus if the innermost recording track on each 20 alined with the relatively fast-moving outermost record- 

ictui... J.XUO, A . ^ ina trctr'lr Ac rAcnlt thA rAiTrnHnrArl .RtOTifllc nt thf» 



record has a radius only half as gi'cat as that of the 
outermost recording track, then the linear velocity of 
the innermost recording track is only half as gi'eat as 
that of the outermost recording track. By way of ex- 



ing track. As a result, the reproduced signals at the 
output of the variable-gain amplifier have substantially 
the same amplitude, irrespective of the radius of the 
recording track in which the data is stored. The signals 



ample each side of each disc may car'ry 100 concentric 25 may then be clipped in a conventional manner to elimi- 

„cordi;g .,.ck, aE “‘hJ'teSng and otta, asp.cB d the day 

A °parTcffiar sS‘of “stored data may he magnetically be better understood from the following illustrative de- 

recorded in any selected one of the aforesaid recording scription and the accompanying drawing The scope of 

rocks A non-return-to-zero recording system is com- 30 the invention is pointed out m the appended claims. _ 
monly ustl, wherein ‘the presence or absence of reversals In the drawing, the single FIGURE is a schematic dia- 

S the magnetic polarity of the recording track at succes- g^m illustrating an exemplary embodiment of the mven- 

sive “bit”"locations represents the stored data. For re- bon. . . r j- 

product the stored data, a reproducing head or trans- Referring to the drawing, a magnetic-recording disc 

Sm‘s ;o=iticned in alinement with the recording track 35 or record 1 is rnounted on a shaft 2 and is rotated at a 
wherein die desired data are stored, and as the recording fixed angular velocity by any suitaole means, such as a 

7rS moves past the reproducing head, the transducer conventional driving motor, not shown. Disc 1 is pro- 

supplieT an electric pulse at each reversal in the magnetic vided with a conventional magnetic-recording surface, 

SlSity of the recording track. In a random-access whereby conventional magnefi^ 

pox..iuy uj. V- „nv!ruy flip <jqrT!P re- be utilized for the storage of data on the surface of the 

machine, means are provided for moving the same re 



In the drawing, the single FIGURE is a schematic dia- 
gram illustrating an exemplary embodiment of the inven- 
tion. 

Referring to the drawing, a magnetic-recording disc 



fixed angular velocity by any suitable means, such as a 
conventional driving motor, not shown. Disc 1 is pro- 
vided with a conventional magnetic-recording surface, 
whereby conventional magnetic-recording techniques can 



producing head into alinement with each recording tiack, 
selectively, so that the same head can reproduce data 
stored in' any of the numerous recording tracks. 

A difficulty arises from the facts that the several re- 
cording tracks on a disc move at different linear velocities, 
and the amplitude of the electric signals produced by the 
transducer is approximately proportional to the linear 
velocity of the recording track. Consequently, when the 
reproducing head is alined with the innermost recording 
track on a disc, the electric pulses supplied by the trans- 
ducer responsive to reversals in magnetic polarity on the 
record have about one-half the amplitude that the pulses 
supplied by the transducer have when the reproducing 
head is alined with the outermost track of the same disc, gg 
Furthermore, the reproduction of recorded signals is 
always accompanied by a certain amount of electrical 
noise. Consequently, it is customary to amplify and 
clip the electric signals supplied by the transducer, with 
the clipping level appropriately set to eliminate the larg- 0 q 
est noise pulses while transmitting the smallest signal 
pulses. 

Unless the magnetic recordings are of high quality, any 
fixed ampiification-and-clipping level that will eliminate 



disc or record. For example, the non-return-to-zero 
method of magnetic recording may be employed, and 
different data may be stored in each of a plurality of 
concentric, circular recording tracks of different radii. 

45 In the drawing, the positions of eight such recording 
trades are represented by eight broken-line circles 3 
through 10. In actual practice, there may be as many 
such tracks as the size of the record will permit; a typical 
number is 100 concentric tracks on each side of a disc. 

50 A reproducing head or transducer 11 is movable radi- 
ally inward and outward relative to disc 1 by a position- 
ing mechanism comprising a rack 12 and pinion 13. By 
rotating pinion 13, transducer 11 can be brought into 
alinement with any selected one of the recording tracks 

55 3 through 10, for producing electric signals representing 
the data recorded in the selected track. Other means, 
not shown, may be employed, if desired, for moving the 
same transducer into alinement with tracks on other 
records. 

60 Transducer 11 functions in a conventional and well- 
known manner to supply through lead 14 an electric pulse 
responsive to each change in magnetic polarity in the 
recording track alined with the transducer. The ampli- 
tude of the pulses so produced is approximately propor- 



all noise peaks from tne relatively large signals repro- 65 tional to the linear velocity of the recording track. There- 
duced from the outermost recording track may fail to fore, with the radii of the recording track varying over 
transmit the smallest data signals reproduced from the approximately a 2:1 range between the outermost record- 

innermost recording track, while any fixed amplification- jjjg track 3 and the innermost recording track 10, the 

and-Ciipping level that will reliably transmit all of the amplitude of the pulses supplied by transducer 11 varies 

data signals reproduced from the innermost recording 70 over a 2:1 range as the transducer is moved between its 
track may permit the transmission of some noise peaks outermost and innermost radial positions relative to 

reproduced from the outermost recording track. Either disc 1. Electrical noise accompanying the desired elec- 
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trie pulses varies in amplitude over a like range; and 
consequently, with the raw signals supplied through lead 
14 it is either dilBcult or impossible to establish a clipping 
level that will eliminate all of the noise peaks while 
reliably transmitting ail of the desired signal pulses. 

In accordance with this invention, the signals supplied 
through lead 14 by transducer 11 are received by a vari- 
able-gain amplifier IS and transmitted thereby to an out- 
put lead 16. The gain of amplifier IS is automatically 
adjusted, by means hereinafter more fully described, over 
a 2:1 range in proportion to the inward and outward 
movements of the transducer 11, so that signals repro- 
duced from each recording track are supplied to lead 
16 at substantially the same amplitude, irrespective of 
the track radius. Therefore, the signals at lead 16 can be 
transmitted through a conventional fixed-level clipping 
circuit, not shown, or the last stage of amplifier IS can 
be designed to provide clipping action for separating the 
desired data pulses from unwanted noise. 

The aforesaid automatic means comprises a potentiom- 
eter or voltage divider 17 connected across a floating 
voltage supply 18. The voltage divider 17 has an adjust- 
able tap 17' that is connected to electrical ground or its 
circuit equivalent, so that a variable voltage is provided 
at lead 19 having values representative of the adjustment 
of voltage divider 17. 

The broken line 20 represents any appropriate means 
for maintaining correspondence between the adjustment 
of voltage divider 17 and the radial position of transducer 
11 relative to record 1. Hiis may take the form of a 
simple mechanical linkage between pinion 13 and adjust- 
able tap 17', or it may take the form of a servomecha- 
msm for automatically rotating pinion 13 responsive and 
in proportion to changes in the adjustment of voltage 
divider 17, or vice versa. By way of example, in one 
type of accounting machine wherein 100 concentric re- 
cording tracks of different radii are provided on each side 
of a recording disc, an addressing mechanism for select- 
ing a desired track comprises lOO taps spaced along volt- 
age divider 17, means for grounding each of the said ‘ 
taps, one at a time, selectively, for selecting the- desired 
track, thereby providing a control voltage having any 
one, selectively, of 100 different values, and a servo sys- 
tem controlled by said voltage for rotating pinion 13 to 
position the transducer 11 in alinement with the selected ‘ 
recording track. 

From the foregoing it is evident that the value of the 
voltage supplied at lead 19 is representative of the ra- 
dial position of transducer 11 relative to record 1, and 
therefore it is representative of the linear velocity of the ^ 
recording track alined with transducer 11. For calibra- 
tion purposes, an adjustable voltage is supplied through 
lead 21 by any appropriate means, such as the positive 
voltage supply 22 and the negative supply voltage supply 
23 connected in series across a potentiometer or voltage 
divider 24. Lead 21 is connected to the adjustable tap 
24' of voltage divider 24 so that adjustment of the volt- 
age divider adjusts the value of the voltage supplied 
through lead 21. 

A differential amplifier 25 is jointly responsive to the ® 
two adjustable voltages provided through leads 19 and 
21, respectively, for supplying through lead 26 an elec- 
tric signal to control the gain of variable-gain amplifier 
15. Numerous circuits and designs for variable-gain am- 
plifiers and for differential amplifiers are ’weU-known to ” 
those skilled in the art. Therefore, amplifiers 15 and 25 
have not been illustrated in detail. 

By way of example, however, the differential amplifier 
25 may consist essentially of two vacuum tubes with 
their cathodes connected together and returned to the * 
negative terminal of a power supply -through a common 
cathode resistor, with the control grid of one tube con- 
nected to lead 21 and the control grid of the other tube 
coupled, preferably through a cathode follower, to lead 
19 so that the relative currents conducted by the two ' 



tubes vary according to the voltage relation between leads 
19 and 21. Lead 26 may be connected, preferably 
■through a cathode follower, to the anode of either vacu- 
um tube, depending upon whether an increase or a de- 
J crease in the signal through lead 26 is required as the 
voltage at lead 19 becomes more positive. This, of 
cc>urse, depends on the design of the variable-gain am- 
plffier_15, and specifically upon whether amplifier 15 is 
grid-biased or cathode-biased. 

0 As an example of the control effect, the amplifier 15 
may be cathode-biased in any desired fashion and con- 
trolled as to its gain by supplying the output of the dif- 
ferential amplifier 25 as a voltage control by way of the 
lead 26. In this event, an increase in the signal through 

5 lead 26 decreases the gain of amplifier 15, which should 
occur when transducer 11 moves outward and the volt- 
age at lead 19 becomes more positive, and therefore lead 
26 is connected through a cathode follower to the anode 
of the tube having its control grid connected to lead 21. 

1 It should be understood that this invention in its broad- 
er aspects is not limited to the specific exemplary embodi- 
ment herein illustrated and described. The following 
claims are intended to cover all changes and modifica- 
tions within the true spirit and scope of the invention. 

5 What is claimed is: 

1. Apparatus for reproducing signals that have been 
recorded in a plurality of recording tracks of different 
radii upon a discoid record, comprising means for rotat- 
ing said record at a fixed angular velocity, whereby said 
1 tracks move at different linear velocities proportional to 
their respective radii, a transducer for producing from 
.such recording tracks electric signals having an amplitude 
approj^ately proportional to the linear velocity of the 
_ -recording track, means for selectively moving said trans- 
* ducer radially inward and outward relative to said rec- 
ord and thus into alinement with said tracks selectively, 
a variable^gain amplifier connected to receive and to 
■transmit said signals, an automatic means separate from 
I said amplifier for producing a biasing voltage proportion- 
al to the inward and outward movements of said trans- 
ducer relative to the periphery of said discoid record, 
and means for applying said biasing voltage to said am- 
plifier for decreasing the amplifier gain in proportion to 
outward movements of the transducer toward the discoid 
record periphery and for increasing the gain of said am- 
plifier in proportion to the inward movements of said 
transducer on said discoid record in a direction inwardly 
from the periphery, whereby the output signals of said 
lamplifier are substantially the same amplitude independ- 
ently of the linear velocity of movement of each of said 
recording tracks relative to the transducer. 

2. Apparatus as defined in claim 1 wherein said au- 
tomatic means comprises a first adjustable voltage-divider 
means for providing a first variable voltage, means for 
automatically maintaining corresponsion between the ad- 
justment of said first voltage- divider means and the ra- 
dial position of said transducer relative to said record, 
whereby the value of said first voltage is representative 
of ; the linear velocity of the recording track in alinement 
with said transducer, a second adjustable voltage-divider 
means for providing a second variable voltage, and a dif- 
ferential amplifier jointly responsive to said first and sec- 
ond voltages for controlling the gain of said variable-gain 
amplifier. 
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